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Abstract 
Numerical simulation method is adopted to optimize the design of air flow distribution in China Pavilion. Four cases 
of different supply air velocity and temperature based on the same cooling capacity are simulated. Through 
comparing draught sensation (DR), ADPI index, energy consuming and so on, indoor thermal comfort and 
energy-saving are analyzed. The results show that, under the case which the supply air velocity is 2m/s, the indoor air 
velocity in occupied zone is mainly 0.2m/s, draft sensation is about 8%, the temperature, velocity field and energy 
consuming are basically meet the requirement of thermal comfort and energy saving. 
 
 
Keywords: Numerical simulation; draught sensation; thermal comfort; energy saving 
1. Introduction 
Large space building is characterized by high-volume and high roof, and the height of occupied zone is 
much lower than the indoor high. For the construction which height is above 10m, which volume is exceed 
ten thousand cube meters, when the air-conditioned space height is less than the half height of ceiling, the 
mode of supplying air from nozzle in the side wall is adopted. The weather parameters, construction of 
thermal performance, indoor air distribution and indoor thermal distribution of heat source have a 
remarkable impact on indoor thermal environment [1].  
Due to the complex of large space construction, there is no mature theoretical and experimental method 
to design air conditioning system. Numerical analysis combined with model test is often used, but using 
model test to study the large space air distribution should take a long time and huge investment [2]. Due to 
the development of computer technology, there are some advantages such as fast, low cost, comprehensive 
information for computer numerical simulation. A variety of possible disturbances such as initial 
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conditions and boundary conditions can be taken into account in numerical simulation for air flow; the 
results reflect the full distribution of indoor air organization. Therefore the use of computer simulation not 
only can receive the effect of the experimental model but also can save time and funds [3]. 
In order to meet the requirements of thermal comfort and energy saving for China Pavilion of Expo 
2010 Shanghai, a numerical simulation using by Fluent under different supply air temperature and different 
supply air velocity is presented below, through comparing and discussing the results from several cases, a 
better flow organization are determined. 
2. Method 
2.1Summary 
China Pavilion of Expo 2010 Shanghai is presented in this paper, which the total height is 60.1m, and 
the construction area is 27714 m2. The research areas in this paper are three floors from the height 33.3m to 
the top. The air conditioning area is 4024m2, 5252m2 and 8561m2 respectively, the schematic graph can be 
seen in Fig. 1. 
Because the floor height is not too high (about 5.4m), in exhibition zone, the air distribution type is 
up-supply and down-return in design condition. There are 407 swirl diffusers with the diameter of 630mm 
in the ceiling of three stories, 70 in the first, 125 in the second and 212 in the third story. The total supply 
air volume is 1017800m3/h and the average supply air temperature of design condition is 17.3 .℃  
 In order to find out a better operation scheme can meet the request of thermal comfort and energy 
saving, based on the same cooling capacity provided by the equipment, different supply air temperature 
under different supply air velocity are calculated. Simulation results from four cases are analyzed from the 
aspect of temperature field, velocity field, dissatisfaction of draught sensation (DR)[4,5] and the air 
diffusion performance index (ADPI)[4]. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure1.  Schematic graph of China Pavilion 
2.2Physical Model 
Based on the design blueprint, after appropriate simplification, the physical model was established by 
Gambit software and can be seen in Fig.2. When generating grids, TGrid type was adopted. A fine grid 
was used in diffusers, and ensured an accurate resolution. The number element of the model is 2525278. 
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Figure2.  Physical model in simulation 
2.3Boundary condition 
According to cooling load calculated in design condition, the second boundary condition is adopted on 
the wall; the heat flux of each surface is listed in Table.1. For simple and convenient in simulation, 
building orientation is not considered. The supply air parameters of four cases are listed in Table.2. Due to 
the characteristic of swirl diffusers, the supply air velocity is divided into radial velocity, tangential 
velocity and axial velocity, as shown in Fig.3. The resultant velocity can form the effort of swirling down. 
Table 1 Detailed wall boundary conditions  
Index 1 2 3 
Floor 1st 2nd 3rd 
Floor Area(m2) 4024 5252 1214 945 8561 
OutWall Area(m2) 11512 
Heat 
Flux 
Out wall(kW) 272 133 30 77 432 
People(kW) 228 327 34 40 583 
Floor(kW) 51 4 / / / 
Roof (W/m2) 27.8 40.7 54.8 
Floor(W/m2) 82.8 81.2 105.8
Wall(W/m2) 82 
Table 2 Supply air parameters in four cases 
Case 
Supply Air Velocity Supply Air Temperature
m/s ℃ 
Case 1 1.5 14.1 
Case 2 2.0 17.3 
Case 3 3.5 20.9 
Case 4 4.5 22.0 
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Figure3.  Handling about velocity boundary on swirl diffuser 
3. Results and discussion 
As mentioned above, analysis is focus on 1.7m horizontal plane of each floor (occupied zone), with 
the aspect of temperature field, velocity field, DR and ADPI.  
The results of temperature, velocity and DR are shown in Table.3. The percent of dissatisfaction 
caused by draught sensation (DR) is increased by increasing of supply air velocity, the average DR in case 
1, 2 and 3 are less than 20%, in case 4, the value is more than 20%. The ADPI is decreased by increasing 
of supply air velocity; the value of each floor is less than 60%. The average air velocity is increased by 
increasing of supply air velocity, but even in case 4 in which the supply air velocity is the largest, the 
average air velocity is less than 0.35m/s.  
In this table, the average air temperature is decreased first and then increased by increasing of supply 
air velocity, when supply air velocity is 2m/s, the indoor temperature is lowest and when supply air 
velocity is 3.5m/s, the indoor temperature is highest. Because the supply air velocity is the leading role 
when compared case 1 with case 2, the average indoor air temperature in case 1 is higher than that in case 2; 
In case 2 and case 3, the supply air temperature is the leading role, the indoor temperature is higher. When 
supply air velocity keeps increasing, the indoor temperature is decreased. It also can be seen form Fig.4. It 
can be deduced that, under the same indoor thermal comfort, case 2 is the most energy saving.  
Tab3(a).      Simulation results of four cases 
Case Floor 
Max Tem. Min Temp. Average Temp. Max Velocity 
℃ ℃ ℃ m/s 
1 
1st 33.15 26.05 28.05 0.7 
2nd 33.65 18.05 28.45 0.9 
3rd 31.75 24.55 27.85 0.8 
2 
1st 32.05 25.45 27.85 0.8 
2nd 32.45 18.15 27.65 0.9 
3rd 30.75 24.45 27.15 0.8 
3 
1st 33.75 26.35 28.85 1.32 
2nd 34.15 18.85 28.55 1.63 
3rd 31.55 25.35 27.85 0.87 
4 
1st 32.75 25.95 28.15 1.63 
2nd 33.35 18.95 27.75 1.93 
3rd 30.75 24.85 27.25 1.12 
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The graph of average DR and ADPI under different supply air velocity in occupied zone are shown in 
Fig.5 and Fig.6. The average DR is increased by increasing of supply air velocity. When the supply air 
velocity is less than 2m/s, the ADPI is increased by increasing of supply air velocity, this is because small 
air speed can not fully mixed indoor air. When the supply air velocity is more than 2m/s, ADPI is 
decreased by increasing of supply air velocity. From the results, the ADPI is the largest in case 2.  
Tab3(b).      Simulation results of four cases 
Case Floor 
Average 
Velocity 
Max 
DR 
Average 
DR 
ADPI 
m/s % % % 
1 
1st 0.21 15.5 5 50.6 
2nd 0.2 18.6 4.9 32.1 
3rd 0.22 19.3 6.2 35.8 
2 
1st 0.23 19 6.3 52.8 
2nd 0.22 22.9 6.2 39.8 
3rd 0.21 18.8 6.7 41.9 
3 
1st 0.29 20.7 6.3 36.1 
2nd 0.3 21.3 7 28.7 
3rd 0.26 18.1 7.2 30.3 
4 
1st 0.32 28.2 7.9 34.7 
2nd 0.34 25.2 9 19.1 
3rd 0.3 24.4 8.9 25.7 
 
Fig.7 shows the curve of supply air temperature and fan energy consumption ratio (N/Nm) under 
different supply air velocity. Where, N means the fan energy consumption of case 1, 3 and 4.  Nm means 
the fan energy consumption of case 2. When calculating, three power relational theory of power and air 
volume are adopted. When supply air volume is increased, the power and energy consuming also increased 
notably. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure4.  Average Temperature in 1.7m horizontal plane of each floor under different supply air velocity 
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Figure5.  Average DR in 1.7m horizontal plane of each floor under different supply air velocity 
 
 
 
 
 
 
 
 
 
 
 
 
Figure6.  ADPI in 1.7m horizontal plane of each floor under different supply air velocity 
 
 
 
 
 
 
 
 
 
 
 
 
Figure7.  Supply air temperature and fan energy consumption ratio under different supply air velocity 
From the simulation results above, it can be concluded that when the cooling capacity keeps 
unchanged, changing supply air volume and temperature arbitrarily can not help to improve indoor thermal 
comfort. Air flow and temperature must have a balance. Among four simulation cases, case 2 can balance 
the impact of supply air velocity and temperature on indoor thermal environment well. 
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4. Conclusion 
Under the simulation of different supply air velocity, case 2 (supply air velocity is 2m/s) can achieve 
the effort of best energy saving base on indoor thermal comfort. In this case, ADPI is the largest; DR and 
fan power is small. When supply air velocity is in the scope of 2m/s to 3.5m/s, the DR has no significant 
change, but when supply air velocity is less than 2m/s or more than 3.5m/s, the DR increased notably by 
increasing of supply air velocity. But in four cases, the average DR is all less than 9%. 
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